NUCLEAR PHYSICS THIRD SERIES, VOLUME 29, NUMBER 3 MARCH 1984 Rank-one inverse scattering problem: Reformulation and analytic solutions K. Hartt Physics Department, Uniuersity of Rhode Island, Eingston, Rhode Island 02881 (Received 11 March 1983) Using the E-matrix formalism, we give a simplified reformulation of the S-wave rank-one inverse scattering problem. The resulting Cauchy integral equation, obtained differently by Gourdin and Martin in their first paper, is tailored to rational representations of F{k)=kcot{6O). Use of such F(k) permits a simple but general solution without integration, giving-analytic form factors having a pole structure like the S matrix that are reducible to rational expressions using Pade approximants. Finally, we show a bound state pole condition is necessary, and makes the form factor unique.
Finite rank NN potentials are used primarily because they simplify calculations of structure and reactions. ' Such potentials are being developed to reproduce NN phase shifts with increasing accuracy. In particular, rank-two and rank-three interactions possessing form fac- 
where A'= c = 1 and M/2 is the reduced mass. We solve
where Cauchy principal values are understood, obtaining
where we have defined h (k) to be an even function and
Equation (5) 
Finally, the form factor is given upon application of the well-known Plemlj formulas, " also used to establish the connection between the Riemann problem and our integral equation:
. f dy =P+(k)+P (k) . 
The coefficient of the Riemann problem is
which is simply related to the S matrix by G (k) =Sp (k).
The free term t (k) of the Riemann problem is proportional to the scattering amplitude:
We require P-(Oo)=0 to restrict to solutions h(k 
. (13 
Equation (13) (16) c (k)=d+(k)"=d+( -k) .
Furthermore, the zeros must be distributed in each of the functions c+ (k) and d+(k) symmetrically about the imaginary z axis.
We (14) and (11):
is written from Eq. (5) as
while from unitarity, S(k)*=1/S(k). It follows by substitutions from Eq. (12) that we may require We are indebted to Jill C. Bonner for useful comments, and we also wish to thank R. G. Newton for suggestions which have led to substantial improvements in the manuscript.
